Immune complex-induced injury is an important pathogenic factor in antibody-mediated nephritis, systemic lupus erythematosus, rheumatoid arthritis, and other diseases. In 
Introduction
The formation of immune complexes and their deposition in tissues precipitate an acute inflammatory reaction. Immune complex-induced injury has been implicated in a variety of human diseases, such as systemic lupus erythematosus, rheumatoid arthritis, antibody-mediated glomerulonephritis, and other conditions. Reverse passive Arthus reaction has been extensively studied as a model ofimmune complex-mediated tissue injury. The reaction is induced by injecting the antigen i.v. followed by the local administration of the antibody. The resulting lesion is characterized by histological changes, includ-ing leukocyte infiltration, edema, tissue necrosis, and hemorrhage. Neutrophils and activation ofthe complement pathway are essential for the reaction (1) . However, the cell responsible for the initiation of leukocyte elicitation and edema is not yet well established. Mast cells are strategically located in the vicinity of blood vessels. Upon stimulation they release a variety of proinflammatory mediators, such as histamine, platelet-activating factor, cyclooxygenase products, and leukotrienes (LT).' Mast cells are well characterized for their role in immediate hypersensitivity reaction. Other functions ofmast cells have not been extensively studied. Galli and Kitamura have published a comprehensive discussion ofthe value of mast cell-deficient mice for the investigation of the role of mast cells in biological responses (2) . Galli and his co-workers have shown the importance of mast cells in the expression of such inflammatory processes as leukocyte infiltration, edema, and fibrin deposition in cutaneous anaphylaxis, and after application of phorbol myristate acetate and substance P (3) (4) (5) . At the same time we initiated studies investigating the role of mast cells in inflammation other than immediate hypersensitivity. We found that mast cells contribute to the neutrophil recruitment in thioglycollate (6) and immune complex-induced peritonitis (7) . It has been reported that mast cells play an important role in antigen-induced arthritis (8) .
The present work investigates the role of mast cells in the development of reverse Arthus reaction in the skin using mast cell-deficient WBB6F1-W/W' mice and their congenic controls. The PMN infiltration, edema, and hemorrhage were evaluated. The results indicate that mast cells contribute to these inflammatory parameters. Studies with the 5-lipoxygenase inhibitor A-63 162 suggest that leukotrienes released by mast cells mediate these processes.
blood of adult W/W' mice is normal (10, 11) . Their mast cell deficiency and anemia can be repaired by bone marrow transplantation from WBB6F,-+/+ mice (9) . However, administration of mast cells alleviates only the mast cell deficiency (7, 12) . The ability of these mice to selectively undergo systemic or local repair of their mast cell deficiency renders these mutants a useful tool for the investigation of mast cell functions in vivo.
Induction and evaluation ofthe inflammatory reaction. Mice were injected i.v. with chicken ovalbumin (20 mg/kg), followed by antichicken ovalbumin antibody (Ab), IgG fraction, i.d. on shaven backs, 10, 30, and 100 Mg/site, two injections per dose. At the times indicated after the injection of Ab, skin specimens were fixed in 10% phosphate buffered formalin and embedded in paraffin. Serial skin sections (10 ,gm) were stained with hematoxylin and eosin and evaluated microscopically for PMN infiltration, hemorrhage, and edema. The examination was performed in a blinded fashion. Equivalent results were observed by two different individuals. PMN infiltration was assessed either by counting PMN per section or in arbitrary units. PMN density for four to nine sections per injection site was averaged. Arbitrary units were used to evaluate most of the experiments because PMN infiltration with 100 Mg/site of Ab in +/+ mice was too dense to perform an actual PMN count. A scale of 1 to 8 was chosen, 8 indicating the highest PMN density. The arbitrary units were established by counting the PMN in some sections in which individual PMN could be distinguished and by allocating certain ranges to the lower units (1:< 100, 2:100-400, 3:400-700, 4:700-1,000 PMN/section). The remaining higher units were assigned depending on the size of the patches filled with PMN. Hemorrhage was also assessed in arbitrary units, 1-5. They were established by counting erythrocytes in some sections and allocating ranges (1:100-200, 2:200-400, 3:400-600 RBC per section). The higher units were assigned depending on the size of the patches filled with erythrocytes. Edema was evaluated by measuring microscopically the thickness (millimeters) of mounted cross-sectioned skin specimens with a micrometer.
Mast cell reconstitution of W/Wv mice. Bone marrow cells harvested from femurs of male WBB6F1-+/+ mice were cultured and differentiated into mast cells as described previously (13) . These mast cells (> 98% purity) were injected i.d. (multiple sites, 1 x 106 per site) into W/WV mice. The mast cell-repleted sites were marked with India ink and challenged 7-8 wk after mast cell repletion.
Mast cell degranulation study. Skin sections from 8 h challenged (100 Mg Ab) sites (with or without pretreatment with A-63162, 100 mg/kg) were stained with avidin-FITC (6.25 Mg/ml) for 2 h and then mounted in buffered glycerol, 30 mM triethylenediamine, pH 8.6. Avidin is known to label mast cells selectively and quantitatively (14, 15 ; J i l l , , > ; < i t 16o, rwo' *_&x r... __ mast cell reconstitution showed, that similar to normal skin, a significant number of mast cells was found in the vicinity of blood vessels. The staining pattern of the injected mast cells had changed, and some ofthem were now not only alcian blue but also safranin 0 positive, indicating differentiation to connective tissue mast cells (data not shown). In these mast cell-reconstituted W/W" mice reverse Arthus reaction resulted in PMN infiltration ( (Fig. 6 A) . No significant effect was observed with 30 mg/kg (data not shown). In the mast cell-deficient mice, no significant reduction in PMN density occurred with either of the doses of A-63162 tested. To improve the accuracy of these experiments, actual PMN counts were performed on the sections from W/W" mice ( Fig. 6  B) . Furthermore, A-63162 inhibited edema (Fig. 7) only in +/+ but not in W/W' mice. The 5-lipoxygenase inhibitor also significantly decreased hemorrhage in +/+ mice. The effect of this drug on hemorrhage in W/WV mice was difficult to interpret due to the high variability observed (Fig. 8) . A-63 162 had no effect on mast cell degranulation. (29) (30) (31) ; and these cells can be stimulated by immune complexes (30, 32) . We interpret the data of the present study to mean that the strategic location of mast cells near blood vessels makes these cells critical for the production of leukotrienes which mediate certain early inflammatory effects. The apparent importance of mast cells in close proximity to blood vessels was also suggested by an earlier study (33) . We observed in thioglycollate-induced peritonitis that the mere presence of mast cells in the peritoneal cavity of W/W" mice was not sufficient to restore the PMN infiltration to levels comparable to those in +/+ mice. Approximately 2 wk of mast cell reconstitution were necessary for complete normalization of the PMN influx. The gradual recovery of the PMN response paralleled the time course ofmast cell migration into the tissue, presumably close to blood vessels. In the present study we actually identified mast cells in the vicinity of blood vessels in W/Wv mice after adoptive transfer ofmast cells. These findings suggest that the presence of mast cells in the proper location in the tissue, i.e., near blood vessels, is essential for their function in inflammation.
In immune complex peritonitis we observed that 100 mg/ kg of A-63 162 blocked leukotriene formation by 90% (17) . In the present study, 100 mg/kg of A-63162 inhibited leukocyte influx only by 40% and edema by 60%. Makino et al. (19) and Tanaka et al. (18) also observed only a partial inhibition of leukocyte influx and plasma exudation in immune complexinduced pleurisy in the rat after treatment with a 5-lipoxygenase antagonist. Therefore, mediators other than leukotrienes are also involved in these processes. Histamine has been shown to cause plasma exudation. Antihistamines will decrease plasma leakage during immune complex reactions (34) . It has recently been reported that mast cells upon stimulation with a number of agents, including IgE/Ag, calcium ionophore, and PMA, will cause the induction of various cytokines, such as IL-1, IL-3, IL-4, IL-6, GM-CSF, and TNFa (35) (36) (37) (42) .
It is well established that the complement pathway is activated in immune complex reactions, and that some ofthe peptides generated are chemotactic for PMN. Lysosomal enzymes released by PMN can produce increases in vascular permeability. Decomplementation abolishes or reduces the inflammatory process caused by immune complexes (1). This is not in contradiction to our findings. Mast cell activation may have been initiated by complement derived peptides (43) . It is also possible that immune complexes acted directly on mast cells. Their activation by antigen-antibody complexes due to binding to the Fcy receptors present on these cells has been reported (44, 45) . However, mast cell deficiency did not completely inhibit PMN influx and edema. The reaction still present in W/W' mice may be due the action of complement on PMN and the vasculature and/or the activation of another cell type.
Our findings of mast cell involvement in Arthus reaction support earlier evidence implicating mast cells in the pathogenesis of diseases in which immune complexes are known to be deposited in various tissues. An increase in the number ofmast cells has been observed in affected skin areas of scleroderma (46) , the synovium ofrheumatoid arthritis (47), interstitium of fibrotic lung (48) , in systemic lupus erythematosus, mixed connective tissue diseases, and other related inflammatory conditions (47) . In some of these conditions mast cell activation and an increase in mast cell releasability has been observed (46) . In addition to these autoimmune conditions, mast cells may also contribute to inflammatory processes in diseases with immune complexes involving exogenous antigens. Immune complexes are thought to be responsible for some ofthe manifestations in infectious diseases such as bacterial endocarditis, disseminated gonorrhea, streptococcal infections, dengue hemorrhagic fever, viral hepatitis, dermatophytid reaction, and others (49) .
In conclusion, the data presented indicate that mast cells make a significant contribution to immune complex-mediated inflammation. Mast cell deficiency greatly reduced the inflammatory response. Adoptive transfer of mast cells into W/W' mice increased PMN immigration, edema, and hemorrhage to levels comparable with those in congenic controls. The inflammatory reaction was accompanied by an extensive degranulation of mast cells. The 5-lipoxygenase inhibitor A-63162 partially blocked the expression of the three parameters evaluated in +/+ but not in W/W' mice. Mast cell reconstitution of W/W' mice restored the effect of A-63162. Therefore, mast cells and their mediators, especially leukotrienes, are necessary for the full expression ofimmune complex-induced inflammation. These studies have important implications for diseases involving immune complex formation.
